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THE DIFFERENTIATION OF ZOOLOGY FOR THE 
HIGH-SCHOOL AND COLLEGE CURRICULUM 1 

Higher education in the United States has resulted in the 
differentiation of three grades of institution : the high school, 
the college, and the university. Zoology is taught in all of 
these grades, and there is danger lest the proper sphere of each 
shall not be clearly defined, and so a loss of the students' energy 
result. It is the object of this paper to attempt to find tests by 
which to determine the respective sphere of college and high- 
school zoology. 

The growth and development of a zoologist presents three 
stages : first, an introductory stage in which observations are 
made over a wide horizon without the inner data of the subject 
being examined in much detail. Then a second stage of exact 
and careful acquisition of the existing knowledge of the subject. 
Then the professional and creative stage in which the student 
changes into the master, though always remaining a student, 
and joins the number of those who are engaged in the work of 
pushing the boundaries of knowledge out into new realms. 
There would be a great economy of his time if the zoologist 
could be advanced successively on each of these stages in the 
high school, the college, and the university, and I believe that 
such a succession in the presentation of the subject would be 
better at the same time for the interests of a general education 
than any other. 

The work of the first or introductory stage is to gain a first- 
hand and correct knowledge of representative members of the 
chief animal groups. They must, as many of them as the local- 
ity permits, be seen alive and in their native homes. Their 
activities, food, enemies, and relation to man should be learned, 
their outward forms and parts carefully observed, and all this 

1 Read before the College Section of the Minnesota Educational Association, 
December 29, 1900. 
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should be recorded by means of correct drawings and descrip- 
tions put up in permanent form and preserved and used for sub- 
sequent reference. The work should further include the making 
of and caring for collections of examples of the animals studied, 
which collections should be incorporated in a museum that 
should be a permanent part of the high-school property. As 
any given locality will furnish only a limited percentage of the 
groups needed to a complete idea of the animal kingdom, it will 
be necessary to supplement the native fauna by means of speci- 
mens purchased of supply dealers. These are not very costly 
and are indispensable to an adequate grasp of the subject. 

A list of the names of some of the principal animals needed 
to operate such a scheme is as follows : hydra, coral and the 
coral polyp, the flat-worm, the fluke-worm, the tape-worm, 
trichina, the earth-worm, the sand-worm, the cray-fish the brine 
shrimp, the spider, the grasshopper, the potato-beetle, the louse, 
the tick, the bed-bug, the fly, the ant, the honey-bee, the clam, 
the snail, the squid or cuttle-fish, the perch, the frog, the lizard, 
the turtle, the snake, the English sparrow, the pigeon, the cat, 
dog, horse, cow, bat, whale. Many of these are common in all 
parts of the United States. An exact knowledge of the external 
features of them all and of their homes and habits would be of 
the utmost value to the beginner of a course of college zoology. 

If children are permitted they will get much such knowl- 
edge, as their senses are wide open nature-ward by instinct. It 
is now being somewhat cultivated by " nature-work " in the com- 
mon schools. The elements thus acquired should later in the 
high school be gathered up and transmuted from common 
knowledge into science, by arranging it in the form of an accu- 
rate and complete system. Its incomplete and incoherent data 
would be collected and supplemented by fresh facts and the 
whole become the living body of useful and reliable knowledge. 

Such elementary knowledge of animals seems to us also to 
be eminently suitable to the pupil of high schools, and the 
methods employed in its pursuit have high educational value. It 
imparts information which will interest him all the rest of his 
life and save him from such mediaeval absurdities as supposing 
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that coral is made by insects, horse-hairs turn to worms, that 
bats are birds and whales are fish. It will keep him from eating 
raw meat and endangering his life from parasitic diseases. It 
will help him to cope more effectively with noxious insects and 
other pests. It will explain to him the souring of milk and the 
putrefaction of meat. It will give him a scheme for the reten- 
tion of all the information about animals that he may receive 
later, and greatly widen his interest in all aspects of nature and 
life. It is about all the zoology he will ever care to know. 
Very few people care for the many and hidden details of college 
and university zoology, but most people are interested in the 
facts of natural history. This is demonstrated by the popularity 
of zoological gardens and aquaria, as well as by the sale of 
books on the subject. And yet this is a phase of zoological 
science that the high schools do not teach. Where the high 
school gives a course in zoology it is usually made up for the 
most part of work that more properly belongs to the second 
stage of advancement in zoological training, but given in such a 
way that it is nearly or quite useless to its possessor. Students 
entering college from high schools where zoology is taught are 
actually worse off than those who have never studied it at all. 
I have repeatedly been obliged in such pupils to contend against 
vicious habits of laboratory work, pernicious mental habits and 
outlook, and a lack of interest in the subject, growing out of the 
fact that the subject has previously been skimmed over, and 
hence lacks the interest which it has for the members of the 
class whose zoological life has not been prematurely blasted. 
This has been caused by the high-school course in which 
instead of introductory zoology being given, a smattering of 
college zoology had been attempted. 

It is not difficult to account for this state of affairs. It is 
known that 95 per cent, of the students of the high schools 
never attend college, and to meet their needs it has been sup- 
posed that a glimpse of the college courses will be of great 
value. I believe that this idea is an error. It contains two fal- 
lacies : (1) the assumption that introductory zoology is less 
useful than college zoology, which I do not believe to be the 
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case, and (2) that college zoology can be taught without an 
adequate natural- history introductory course, which is also false 
It also falsely supposes that knowledge so-called is of more 
value in education than training. Glimpses of college zoology 
give very little useful training to the high-school student, and 
they do not give him the kind of knowledge that will be of 
the most value to him. 

Zoology in the college curriculum should not be high-school 
zoology. So long as the high schools continue to send to col- 
lege pupils who have not been given preparatory training in the 
subject the college will be compelled to give that training, for 
college zoology must rest on a foundation of natural history 
knowledge ; it is absolutely indispensable to every step of higher 
zoology. College zoology differs from it in being intensive 
rather than extensive. It includes natural history, being the 
greater which always includes the less. It adds to elementary 
knowledge of the chief parts of an animal, a careful explora- 
tion of its inner and hidden structures. This means a detailed 
personal examination of the various members of the digestive, 
circulatory, respiratory, muscular, nervous and other systems, 
and a recognition of their relations to one another, so as to form 
a complete being. It includes a study of the development of 
the animal from the egg, and a comparison of it with nearly 
related animals. A course of college zoology today which did 
not include such studies of animals from a large range of the 
natural groups of the animal kingdom would not be entitled to 
recognition as college zoology. 

College zoology like all zoology must be largely laboratory 
work. The student must have his own table and tools and 
material and must get his information from the specimen by 
practical studies upon it. The more difficult technique should be 
reserved for the second year's course but many simpler histolog- 
ical and anatomical processes should be performed so that 
familiarity with technique will have a chance to grow. It is 
well recognized that even a poor preparation which the student 
himself makes will have more educational value to him than 
high priced cut-and-dried preparations that he has not made 
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himself. The latter can be used as supplementary but should not 
usurp the place of the former. Besides this the student should 
be constantly practicing for the research work that comes in the 
professional course, by drawings and written descriptions of the 
work that he is doing. It is difficult to overestimate the value 
of this aspect of zoological training ; its importance is testified 
to by all zoologists and while it is time-consuming and slow it 
has the great advantage of being sure. 

Such a course is a full year's work and I should recommend 
that it be given in the sophomore year. It is foundational for 
subsequent courses, some of which may at first seem to be 
wholly unrelated. Besides being indispensable to the student 
of advanced zoology, it is also close to the beginnings of physi- 
ology and medicine, and extremely helpful if not necessary to 
intelligent work in psychology, anthropology and other kindred 
subjects. President Stanley Hall says that he began the study 
of psychology with a three month's course on the structure and 
physiology of the frog's leg. And considering the introduction 
to nerve and muscle that is gained thereby a zoologist can see 
that he did a very profitable thing. 

College zoology should extend over more than one year. 
To develop mental culture deserving of the name any course 
should be organized so as to provide for two or three years of 
consecutive work, and higher work of such a character as would 
be impossible without employing the data and habits gained in 
the earlier courses, should be given. True scholarship cannot 
bt cultivated by continually beginning new and unrelated sub- 
jects. To attain it a student must continue month after month 
brooding over a subject till it has been given time to grow into 
him, and he has really acquired its point of view. Growth 
mentally is very much the same as growth physically. It is a 
process of integration in which lower units are slowly developed 
to form higher. In the living world we have first the cell, then 
very simple cell bodies, then compound organisms without 
differentiation, then comes the subordination of parts to the 
whole and the development of many members with different 
offices. The second year of college zoology must be so planned 
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as to integrate the data of the first year into a higher unity. Its 
powers should be re-employed and strengthened ; its goal is a 
higher level attained, from which to get a more adequate idea of 
the science and its problems. The particular work suitable to 
such a course would include more thorough study of a limited 
group of the animal kingdom as for example the hydroids, the 
annelids, or the Crustacea, and the thorough study of some central 
form. The work should by degrees become focalized on some 
special problem new to the student, though one perhaps which 
has been solved by some investigator, and the student should be 
set to work to repeat the work of that investigation. Such a 
course will open his mind to the regions that are beyond the 
beaten paths, paths marked out in the text-books. They are a 
step beyond, a step in the direction of the fields of original 
research. The course will require increased originality of 
thought to enable the student to apprehend his work, and will 
bring into play the higher and more exact technical methods on 
the successful practical knowledge of which everything depends 
in professional zoology. The camera lucida and the micrometer 
and micro-measurements will be necessary, the microtome and 
serial sectioning must be in constant use, the use of methods of 
staining in its more refined application to the differentiation of 
parts of cells and tissues will be practiced. All of this technique 
will be a great value to the student later in his career, should his 
later education be along biological lines, and is extremely valua- 
ble for its disciplinary bearings, in case he should not after 
leaving college pursue a biological career. 

Zoology in the college curriculum should not be university 
zoology. It is perhaps less difficult to distinguish it from high- 
school zoology than from university zoology. The advanced 
zoology of the college course shades so insensibly into the uni- 
versity zoology that it is perhaps impossible to draw any abso- 
lute and universal boundaries. It is not infrequent that a 
student in advanced college zoology pushes his enquiries out 
toward the unknown so far as to pass their limits. It is possible 
that the unknown for him may chance to be the new to science. 
Nothing is more stimulating to the student than to feel that he is 
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thus on new territory. Nevertheless I do not believe in colleges 
undertaking to train students to be investigators, because with 
the appliances that are possible to most colleges with very rare 
exceptions it cannot be adequately done. 

Zoology is a comparatively new science, and it may be a 
matter of surprise to some to be told its dimensions. In short, 
zoology is the study of animals. But, in fact, it is the study of 
almost every conceivable way of looking at animals and gather- 
ing facts about them. It consists, to mention some of the more 
important departments briefly, of the accurate description of the 
adult form of every animal known to man, and of the discovery 
of new ones. All the time, as new places are more carefully 
explored and as methods of search improve, we are finding ani- 
mals hitherto unknown. All of these must be described, and 
this is done in a degree of minuteness that would greatly sur- 
prise the laity. It is no unusual thing to find that a microscopic 
animal is the subject of a monograph of fifty pages and many 
very carefully made plates. The accuracy involved in this work 
is very surprising. Then the animal must be known in all its 
various developmental stages. Its home and friends and foes 
and habits must be as fully ascertained as possible. It is quite 
possible that in such knowledge may be concealed very impor- 
tant suggestions bearing on the higher problems of cause which 
constantly lie just beneath the surface in the zoological student's 
mind. The study of structure runs into the minutest micro- 
scopical structure of the cell, or cytology, of most fascinating 
interest and of the utmost philosophical importance, as it is 
generally believed that heredity and the cause of species and 
their evolution are to be found here if anywhere. Then there 
are wonderful studies in mechanical lines, as made by removing 
parts of a developing animal and grafting those of other ani- 
mals in their place, or leaving the mutilated specimen to 
develop. Wonderful powers of restoring the missing part are, 
in some instances, encountered, and the forces that we call life 
are. viewed at close range here, though they remain still just 
beyond our ken. Then there is the life of the rocks, palaeo- 
zoology, and the distribution of animals and their relation to 
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the agricultural pursuits and other industries of man ; their arti- 
fical propagation and breeding for various domestic purposes. 
Then, too, now and again some student of zoology discovers or 
invents a new method of research, a new reagent, or new glass, 
or a new microtome, and as these improvements come into 
existence much of the knowledge of the past stands in need of 
revision. Not many years since two new methods of studying 
nerves came up, and they made such a change in our knowledge 
of the nervous system of all animals in all parts of the animal 
kingdom that only the coarser facts previously known are any 
longer accepted. So that animals need re-investigation from 
time to time. 

This work is the professional occupation of a large and 
increasing number of men. There are perhaps twenty-five 
zoologists in this state, possibly there are more. In other states 
there are as many or more. They are employed chiefly in col- 
lege faculties, also in stations for the benefit chiefly of agricul- 
ture, or in public or other museums. They are active men, and 
their works, unknown to the general mass even of educated 
men, are published in periodicals or other special forms. The 
titles of articles and books in the field of morphology proper 
are published by Professor Carus, of Leipsic, in a serial which is 
issued every two weeks, and the number of entries in that work 
is about eight thousand for each year. This list does not include 
anything in physiology, psychology or 'medicine. 

This being the scope of professional zoology, it is clear 
that it is quite beyond the range of the mission of the ordi- 
nary college and should be left to the university grade of 
education. I do not believe in colleges attempting to train 
investigators or specialists. It is just as easy for the college to 
make the mistake of usurping the functions of the university as 
it is for the high school to make the mistake of usurping the 
functions of the college. The adequate training of investigators 
requires a very expensive equipment. There must be a corps 
of instructors ; the departments of modern zoology are already 
too differentiated to make it possible for one man to be expert 
in very many of them, There must be a considerable body of 
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university students to create the atmosphere needed for the 
development of the true research spirit. There must be expen- 
sive laboratory building and equipment containing the most 
modern appliances ; very expensive microscopes ; elaborate and 
expensive drawing and photographic apparatus, vivaria and 
aquaria. A large and ever-growing biological library are at 
once thought of as among the most ordinary necessaries. In 
addition, special and expensive apparatus for investigation work 
must be forthcoming as occasion arises. If a college has a dis- 
tinct mission, and is anything different from a university, and 
the smaller colleges by nature of their financial limitations and 
smaller numbers necessarily must be, then investigation work on 
the part of its students cannot be its work ; its mission ceases 
for the student at this point. It appears to me to be a serious 
offense of morals for colleges to offer lame and inadequate post- 
graduate courses and an apology for research work to students. 
After the stage of college culture has been passed the student is 
losing time from his professional career if he does not as soon 
as possible get into the true university atmosphere, into a group 
of investigators, and as soon as possible acquire the point of 
view of the pure zoologist. 

It is hardly necessary to add anything to what I have said 
with regard to obligation of a college toward the department of 
zoology in case it chooses to offer that subject in its curriculum. 
It follows, from what has been said, that I should maintain that 
a laboratory with a certain amount of space for individual work, 
tools, etc., and library of text-books and some of the zoological 
journals, would be indispensable, and more than that, that the 
institution must offer a pecuniary inducement that will attract 
an adequately prepared man to the position and give him suf- 
ficient time and assistance to operate a genuine college course 
or else not give one at all. Our smaller colleges are making a 
great mistake by dividing up subjects and not at the same time 
increasing the teaching force. There is no economy in giving a 
large number of subjects poorly, and a distinct loss of mental 
discipline and culture. Writers are commenting unfavorably on 
the modern practice in the colleges of offering a considerable 
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number of electives. I believe that their strictures are in many 
instances warranted, but I believe that the cause is to be found 
not so much in the electives as in the fact that the faculties have 
not differentiated to match these courses. I do not advocate 
including zoology in a curriculum where the same man has to 
teach physics and chemistry, and possibly some mathematics, as 
well as botany, geology, and physiology, and other subjects more 
closely related to zoology. 

Henry Leslie Osborn 
Hamline University, 
St. Paul, Minn. 



